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ABSTRACT 
This four th  quar te r ly  report  presents r e s u l t s  of an o p t i c a l  communica- 
t i o n s  and t racking systems program divided i n t o  three  s p e c i f i c  Tasks as  
follows : 
Task I: Analyze l a s e r  communications, detect ion,  and 
t racking systems 
Task 11: Disseminate the  r e su l t s  of Task I through a 
l e c t u r e  s e r i e s  and through development of a 
manual co l l a t ing  mater ia ls  of Task I and t h e  
l e c t u r e  se r i e s ,  and 
Task 111: Development, improvement and de l ivery  of micro- 
wave bandwidth dynamic crossed-f ie ld  e lec t ron  
mul t ip l ie r  demodulators w i t h  various c h a r a c t e r i s t i c s .  
These Tasks r e f l e c t  addi t iona l  work t o  be performed under Modification 
No. 1 t o  t h e  subject  contract .  
Theoret ical  work under Task I was completed i n  t h e  t h i r d  quar te r .  Work 
i n  t he  four th  quarter  i s  reported for  Tasks I1 and 111. 
Work on Task I1 f o r  t he  fou r th  quarter consisted of developing the  f i rs t  
ha l f  of a manual covering r ad ia t ion  laws and s t a t i s t i c s ,  noise  and f luc tua -  
t ions ,  de tec t ion  s t a t i s t i c s  and information theory aspects .  Work on t h i s  
port ion of t h e  manual w i l l  be e s sen t i a l ly  completed i n  t h e  next period and 
e f f o r t  w i l l  be d i rec ted  t o  t h e  second p a r t  of t h e  manual. 
Work on Task I11 consisted o f  reduction of t h e  dr ive  power requirement 
t o  1.75 wat ts ,  evaluation of mesh pedestals,  fabr ica t ion  of new de tec tors ,  
and i n i t i a t i o n  of a photo-surface and a permanent magnet inves t iga t ion .  A 
de tec tor  with reduced power input requirements was fabr ica ted  and delivered, 
complete w i t h  holder/electromagnet assembly and de ta i l ed  operating in s t ruc t ions .  
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-1. TASK I1 EFFORT 
1.1 Introduction 
Task 11, as modified, cons is t s  of a s e r i e s  of t e n  l ec tu re s ,  each 
four hours i n  durat ion t o  be presented by M r .  Monte Ross, and t h e  development 
of a two pa r t  manual. 
and systems, w i l l  include t h e  subject matter of Task I. The manual w i l l  
include t h e  co l l a t ing  of a l l  mater ia l  presented i n  t h e  l e c t u r e s  and w i l l  con- 
sist  of two p a r t s :  
The l ec tu re s ,  which are t o  d e a l  with laser rece ivers  
Pa r t  1. 1. Radiation Laws  and S t a t i s t i c s  
2.  Noise and Fluctuat ions 
3. Detection S t a t i s t i c s  
4. Information Theory Aspects 
Pa r t  11. 1. Receiving Devices 
2. Receiving Techniques 
3. Receiving Systems 
4. Electro-Optic Devices 
Five l ec tu re s  were given i n  t h e  second quarter  and included t h e  
ma te r i a l  of Pa r t  I above. 
1 .2  Discussion 
No l e c t u r e s  were given i n  t h e  fou r th  quar te r .  The f i r s t  draft 
of P a r t  I of t h e  manual has been e s s e n t i a l l y  completed, and work on Pa r t  I1 
of t h e  manual has been s t a r t e d .  
1 .3  New Technology 
There are no reportable  items under Task I1 within t h e  meaning 
of t h e  New Technology clause of NASA Form 1162 dated September 1964. 
1.4 Program f o r  Next Reporting Period 
Pa r t  I of t he  manual w i l l  be e s s e n t i a l l y  completed i n  the  next 
qua r t e r .  E f f o r t  w i l l  be expended i n  developing subject  mater ia l  f o r  Pa r t  11. 
1 . 5  Conclusions and - Recommendations .~ 
Five of t h e  t en  lec tures  have been del ivered.  Pa r t  I of t h e  
manuals w i l l  e s s e n t i a l l y  be completed i n  t h e  next period and e f f o r t  w i l l  be 
d i r ec t ed  t o  Pa r t  I1 of the  manuals. 
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2. TASK I11 EFFORT 
2.1 Introduction 
The object ives  of Task 111, as modified, cons is t s  f irst ,  of 
developing and de l iver ing  one experimental Dynamic Crossed-Field Electron 
Multiplying (DCFEM) l i g h t  demodulator, and second, of developing and de l ive r  - 
ing two improved experimental DCF'EM l i g h t  demodulators with various character-  
i s t i c s  including minimum small s igna l  power gain of 100 DB, operat ion with a 
l ightweight permanent magnet, and other  c h a r a c t e r i s t i c s  as mutually agreed 
upon. 
The DCFEM i s  a device which incorporates many des i r ab le  f ea tu res  
of s t a t i c  mul t ip l ie rs ,  such as low noise,  except ional ly  high amplif icat ion,  
and good spec t r a l  response; it has the  add i t iona l  advantage of providing wide 
s igna l  bandwidth and a much simpler cathode and secondary emission s t ruc tu re .  
It has superior c h a r a c t e r i s t i c s  when compared with other  ava i lab le  devices 
capable of detect ing high frequency modulation. 
T h i s  device i s  the  f i r s t  photomultiplier with microwave response. 
It enables use i n  instrumentation and s c i e n t i f i c  experiments where pulses  of 
a nanosecond or less need t o  be detected i n  a sens i t i ve  manner. 
The DCF'EM has l i n e a r  and s t a b l e  gain over a wide range of operat-  
ing conditions and can provide unsaturated outputs  exceeding one MA, thereby 
el iminat ing the need f o r  post  de tec t ion  amplif icat ion.  
The high s e n s i t i v i t y  and l a rge  bandwidth of a microwave-bandwidth 
photomultiplier r e s u l t s  i n  instrument c a p a b i l i t i e s  not previously possible;  
i t s  spec i f ica t ions  show t h e  f e a s i b i l i t y  of l a s e r  systems f o r  space comunica- 
t i o n s  and high-resolut ion radar .  
A schematic diagram of the  bas i c  de tec tor  configurat ion i s  
indicated i n  Figure 1. 
high e l e c t r i c  f i e l d  region of a rectangular  metal  cav i ty  resonant a t  3 GC.  
Typical parameters f o r  t h i s  configuration a re  an in t e r - e l ec t rode  spacing of 
3 mm, and an e l e c t r i c  f i e l d  i n t e n s i t y  i n  the  range of 105 t o  lo6 volts/meter,  
providing eight  mul t ip l ica t ion  s tages .  A microwave pump source of not  more 
than a few w a t t s  i s  needed. 
i s  Beryllium-Copper, Magnesium Oxide o r  some o ther  s u i t a b l e  ma te r i a l .  
area (20 m2) of the  ac t ive  e lec t rode  i s  covered with a photocathode chosen 
f o r  t h e  spec t r a l  response desired.  
f i e l d  of about 500 gauss. The length  of t he  column supporting t h e  pedes ta l  
i s  chosen f o r  the l/b-wavelength resonance mode. 
t h ree  ex te rna l  e l e c t r i c a l  connections are required i n  con t r a s t  t o  the  t e n  or  
more connections commonly required with e l e c t r o s t a t i c  photomult ipl iers .  
This f igu re  shows two e lec t rodes  incorporated i n  t h e  
The ac t ive  e lec t rode  (secondary emission sur face)  
A small 
An ex te rna l  magnet suppl ies  a uniform 
It i s  t o  be noted t h a t  only 
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Figure 1. Schematic Diagram of Dynamic Crossed-field Electron Multiplier. 
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The e lec t ron  mul t ip l ica t ion  i n  t h e  de tec tor  i s  r ea l i zed  by provid- 
ing  a region i n  which there  a re  two s p a t i a l l y  uniform crossed f i e l d s .  In 
Figure 1 t h e  s t a t i c  magnetic f i e l d  poin ts  out of t he  plane of t h e  paper, and 
t h e  microwave e l e c t r i c  f i e l d  l i e s  v e r t i c a l l y  i n  the  plane.  The region i s  
bounded by two electrodes,  one ac t ive  e lec t rode  having a high secondary 
emission r a t i o ,  8 , and the  o ther  an inac t ive  electrode or  pedes ta l  having 
a 8 of l e s s  than uni ty .  Incident l i g h t  on the  photocathode produces photo- 
e lec t rons  which a r e  accelerated i n i t i a l l y  i n  t h e  posi t ive-x d i r e c t i o n  during 
t h e  pos i t i ve  portion of t he  microwave voltage cycle.  However, t he  magnetic 
f i e l d  curves the paths as shown, and during the  negative por t ion  of t h e  cycle 
t h e  e lec t rons  impinge back onto the  ac t ive  electrode where they  produce 
secondary emission e lec t rons .  Each of these  secondaries i s  accelerated and 
curved back onto the  ac t ive  electrode,  where addi t iona l  secondaries a re  pro- 
duced. This mult ipl icat ion process i s  repeated f o r  n s tages ,  a f t e r  which 
the  e lec t rons  are col lected by the  coaxial  co l l ec to r  assembly. 
Work i n  the  f i rs t  quarter  determined t h a t  f o r  high vacuum purposes 
it would be an improvement t o  re-design the  cavi ty  i n  a c y l i n d r i c a l  geometry 
as shown i n  Figure 2, r a the r  than i n  a rectangular  geometry. This cy l ind r i ca l  
geometry i s  smaller and eas i e r  t o  f ab r i ca t e ,  assemble, and a l i g n  and i t s  
e l e c t r i c a l  cha rac t e r i s t i c s  a r e  as good as or b e t t e r  than t h e  rectangular  con- 
f igu ra t ion  . 
Work i n  the  second quarter  centered around construct ion and 
t e s t i n g  of t h e  cy l ind r i ca l  geometry DCFEN tube shown i n  Figure 3. Three tubes 
were constructed and t e s t ed :  One leaked severely and w a s  discarded; one had 
a mechanical malfunction and was disassembled f o r  modification; and one tube 
w a s  operated t o  obtain preliminary da t a .  
indicated frequency response t o  a t  l e a s t  1 KMC/S. 
have been detected from a gas l a s e r  source. 
Preliminary da t a  from DCFEM t e s t s  
Photo-beats up t o  600 MC/S 
Work i n  the  t h i r d  quar te r  consisted of evaluat ing f a c t o r s  a f f ec t -  
ing  de tec tor  l i f e  and i n  obtaining experimental da ta  f o r  DCFEM operat ion.  
Work i n  t h i s  report ing period, t h e  four th  quar te r  consis ted of 
evaluat ion of detector  parameters and Charac te r i s t ics  and the  f ab r i ca t ion  and 
de l ivery  of a new tube with reduced d r ive  power requirements. 
2.2 Discussion 
2 . 2 . 1  Tube Construction and Charac te r i s t i c s  
A new de tec tor  w a s  vacuum brazed and t h e  body w a s  l eak  
checked. N o  leaks were discovered, 
as previously described, and t h e  photocathode w a s  formed. 
was found t o  operate s a t i s f a c t o r i l y .  
Goddard Space F l ight  Center. 
The tube w a s  then completely assembled, 
The DCF’EM detec tor  
It w a s  then t e s t e d  and shipped t o  NASA, 
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Figure 2. Cylindrical Cavity Using Non-Contacting Microwave Short Circuit. 
156-004762 
Figure 3. DCFEM (Cylindrical Geometry). 
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The del ivered tube w a s  of t he  cy l ind r i ca l  configuration,, 
shown i n  Figures 2 and 3, and had a 2 m spacing between t h e  pedes ta l  and t h e  
secondary emission surface.  This reduced spacing r e su l t ed  i n  a d r ive  power 
requirement of only 1.75 w a t t s ,  The o p t i c a l  input window w a s  Sapphire and 
t he  cathode was Antimony-Cesium, y ie ld ing  an S-4 response f o r  t h e  tube.  
small s i g n a l  current gain of  t he  de tec tor  w a s  found t o  be g rea t e r  than lo5 a t  
recommended operating conditions.  Additional gain can be rea l ized ,  however_it 
may tend t o  reduce tube l i f e .  
d e s i  ned towards the  object ive of a 3 DB s igna l  t o  noise  r a t i o  when de tec t ing  
lo-' w a t t s  of 6321 AU rad ia t ion  with a modulation frequency of 3 KMC and a 
de tec t ion  bandwidth of 1 KC 
The 
The del ivered DCFEM l i g h t  demodulator w a s  * 
Effo r t s  on tube development and improvement included t h e  
reduct ion i n  spacing between the  pedes ta l  and secondary emission surface,  as 
referenced above. Construction of a second tube with 2 mm spacing w a s  a l so  
s t a r t e d .  
power input  requirements through a 1 mm pedestal-secondary emission surface 
spacing 
This tube w i l l  be used f o r  evaluat ion p r i o r  t o  fu r the r  reducing d r ive  
Replacement of t h e  electromagnet with a l ightweight  
permanent magnet w a s  invest igated.  Contacts with manufacturers ind ica te  t h a t  
the  type of magnets required a re  ava i lab le .  However, exact design parameters 
( f i e l d  strength,  configuration, e t c  1 must be obtained before  procurement. 
An inves t iga t ion  of photosurfaces w a s  i n i t i a t e d .  Surface 
types S-17 and S-20 were discussed with representa t ives  of Northwestern 
University and Warnecke Electrons Tubes, In@. Information i s  being evaluated 
and must be supplemented before any decis ions can be reached. 
An evaluatio- w a s  a l s o  made of mesh pedestals  f o r  DCFEM 
appl ica t ion .  
o p t i c a l  transmission was evaluated ihrough cold t e s t s .  
pedestal  w a s  not physical ly  s+,able with the  .005 i n .  mesh and could not, be used. 
Molybdenum mesh .010 i n .  t h i ck  has been obtained and w i l l  be evaluated. 
Molybdenum mesL .005 i r - .  t h i ck  with 24 l i n e s  per inch and 70% 
It was  found the  
2. 2 0  2 Operating Ins t ruc t ions  f o r  DC-$EM 
The DCFEN, as shipped, i s  mounted and co r rec t ly  aligned 
i n  a holder/electromagnet assembly. 
ed L O  Lr pr'uper power sources,  
following ins t ruc t ions  apply t o  t h i s  tube.  
The device i s  ready f o r  use when connect- 
_. 'l'ne serial  number of the device i s  651. The 
Terminals, Connectors, and Power Sources 
Terminals and connectors are shown i n  Figures 4 and 5. 
The input dr ive terminal  i s  a type "N" connector and i s  located j u s t  under t h e  
o p t i c a l  input  window, The output connector i s  a l so  type "N" and i s  located 
opposite t h e  input window. The remaining connections, f o r  t h e  b i a s  voltage 
6 
, 
v 
Figure 4. Side View of DCFEM Demounted from Magnet. 
-200 VDC 
BIAS 
GROUND 
156-005939 
Figure 5 .  Terminal Block on Side of Magnet. 
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and t h e  electromagnet, a r e  located on a terminal  block on the  s ide  of t h e  . 
magnet s t ruc ture .  Table 1 l i s t s  t h e  necessary power sources.  
Table 1. Power Sources 
Function Connector Description Power Source 
Magnet Red (+) Black ( - )  Terminals Variable t o  a t  l e a s t  
Marked "Magnet, + - ' I  20 VDC a t  2 Amps. 
Bias Red ( - )  Black (Gnd) Terminals Variable, nominal r a t i n g  
Marked "-200 VDC, Bias, 200 VDC at  25 milliamps 
Ground" 
Microwave Type N 
Power I n  
DCFEM Output Type N 
3.025 GC a t  1.75 w a t t s  
50-ohm Termination 
Required 
Import ant  Notes 
1. A m i c r o m e t e r ,  with shunts i f  necessary, should be used i n  t h e  
b i a s  c i r c u i t  t o  monitor output photo current .  
2. The DCFEM output should be connected t o  a 50-ohm termination. 
This could be t h e  input of a wel l  matched rece iver  o r  spectrum 
analyzer. 
Turn On Procedure 
The following sequence should be followed (see  Figure 6) :  
1. 
2 .  
3 .  
4. 
5. 
6. 
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Connect DCFEM output t o  desired termination. 
Apply power t o  magnet. Adjust cur ren t  t o  2 amperes DC. 
Apply b i a s  vol tage.  Adjust t o  -200 VDC. 
1 microampere of leakage cu r ren t . )  
Allow some l i g h t  t o  f a l l  on t h e  cathode. 
which would produce cathode heating. ) 
Apply microwave power. Adjust t o  1.75 w a t t s  a t  3.025 GC. 
Excess RF power may produce i n s t a b i l i t y .  
d r a s t i c a l l y  reduce DCFEN gain.  ) 
Check indicat ion of photo current  on b i a s  m e t e r .  Adjust RF 
frequency u n t i l  there  i s  a photo cu r ren t .  
current, other  than leakage, check s t eps  2 through 5. ) 
(There w i l l  be about 
(Avoid l i g h t  i n t e n s i t i e s  
(Cautioa!j 
In su f f i c i en t  power w i l l  
(If t h e r e  i s  no photo 
- 
- 2 0 0  VDC 
GROUND 
LIGHT INPUT 
ELECTROMAGNET 
MICRO AMMETER 
BIAS 
POWER 
SUPPLY 
Figure 6 .  Hook Up Diagram for DCFEM. 
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7. After an ind ica t ion  of photo current ,  ad jus t  magnet current ,  b ias  ' 
voltage, and dr ive  frequency fo r  maximum photo cur ren t .  (Caution: 
Do not operate the  device with continuous photo current  grea te r  
than 200 microamperes f o r  extended per iods.  Low duty cycle pulsed 
outputs i n  excess of 10 milliamperes a r e  possible  and can be used.)  
The f i n a l  values of b i a s  vol tage and 
magnet current  should be within 10% 
of t h e  nominal values given. 
Turn O f f  Procedure 
The following sequence should be followed: 
1. Turn off RF power input  f i rs t .  
2. Turn off b i a s  voltage.  
3. Turn off  magnet power. 
2.3 New Technology 
A review of work performed under t h e  subjec t  cont rac t  has been perform- 
ed i n  accordance with the  provisions of NASA Form 1162 (September 1964), 
"New Technology." 
under Task 111. 
Technology" within the  meaning of t h e  term as defined i n  NASA Form 1162 
This review ind ica t e s  t h a t  t he re  i s  one repor tab le  i t e m  
Apart from t h i s  one i t e m  ( reported below) t h e r e  i s  no "New 
(9 - 64). 
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2.3.1 Reportable Item (Number One of One) 
It em/Natur e of It em 
An improvement i n  t h e  Dynamic Crossed-Field Electron Multiplying 
l i g h t  demodulator (hereaf te r  ca l led  the DCFEM) f i r s t  ac tua l ly  reduced t o  prac- 
t i c e  and consis t ing of successful operation of a re-designed cy l ind r i ca l  cavi ty  
configuration. 
Purpose 
To provide a DCFEM t h a t  i s  smaller and e a s i e r  t o  fabr ica te ,  
assemble, and al ign,  t o  improve t h e  high vacuum envelope, and t o  provide 
e l e c t r i c a l  cha rac t e r i s t i c s  as  good or b e t t e r  than a rectangular  configuration 
D C F "  . 
Operation/Physical Charac te r i s t ics  
The Dynamic Crossed Field Electron Mul t ip l ie r  (DCFEM) can be des- 
It transcends t h e  normal response t i m e  l imi t a -  
cr ibed as a fast response photomultiplier which has the capab i l i t y  of de t ec t -  
ing microwave modulated l i g h t .  
t i o n s  inherent i n  s t a t i c  f i e l d  devices by u t i l i z i n g  a time varying crossed 
e l e c t r i c  and a s t a t i c  magnetic f i e l d  t o  eliminate t h e  t r a n s i t  t i m e  spread which 
occurs among e lec t rons  as they proceed along t h e  amplifying (secondary 
emission) s tages  of t he  tube. 
Operation of t h e  DCFEM i s  indicated i n  Figure 7 and described 
below. 
Figure 7 shows two electrodes incorporated i n  t h e  high e l e c t r i c  
f i e l d  region of a rectangular  metal  cavi ty  resonant a t  3 GC. 
meters are an in te r -e lec t rode  spacing of 3 mm, and an e l e c t r i c  f i e l d  i n t e n s i t y  
i n  t h e  range of lo5 t o  lo6 volts/meter, providing e igh t  mul t ip l ica t ion  s tages .  
A microwave pump source of not more than a f e w  w a t t s  i s  needed. 
e lec t rode  (secondary emission surface)  i s  Beryllium-Copper, Magnesium Oxide or 
some o ther  su i t ab le  material. 
i s  covered w i t h  a photocathode chosen for t h e  spec t r a l  response desired.  
ex te rna l  magnet suppl ies  a uniform f i e l d  of about 500 gauss. 
t h e  column supporting t h e  pedestal  i s  chosen f o r  the  l/b-wavelength resonance 
mode. 
r e q ~ i r e d  ill r m t r ~ s t .  t.n t.he t e n  or more connections commonly required w i t h  
e l e c t r o s t a t i c  photomultipliers.  
Typical para- 
The ac t ive  
A small area (20 mm2) of t h e  ac t ive  electrode 
An 
The length of 
It i s  t o  be noted t h a t  only three ex terna l  e l e c t r i c a l  connections are 
The e lec t ron  mult ipl icat ion i n  the  detector  i s  r ea l i zed  by provid- 
ing a region i n  which there  are two s p a t i a l l y  uniform crossed f i e l d s .  
Figure 7 t h e  s t a t i c  magnetic f i e l d  points out of t h e  plane of t he  paper, and 
t h e  microwave e l e c t r i c  f i e l d  l i e s  v e r t i c a l l y  i n  the  plane.  
bounded by two electrodes,  one act ive electrode having a high secondary emis- 
s ion r a t i o ,  6 , and t h e  other an inact ive electrode or pedes ta l  having a 6 of 
In 
The region i s  
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l e s s  than unity. Incident l i g h t  on t h e  photocathode produces photoelectrons 
which a r e  accelerated i n i t i a l l y  i n  t h e  pos i t ive-x  d i r e c t i o n  during t h e  posi-  
t i v e  por t ion  of t h e  microwave voltage cycle. However, t h e  magnetic f i e l d  
curves t h e  paths as shown, and during t h e  negative por t ion  of t he  cycle t h e  
e l ec t rons  impinge back onto the  ac t ive  e lec t rode  where they  produce secondary 
emission e lec t rons .  Each of t hese  secondaries i s  accelerated and curved back 
onto t h e  ac t ive  electrode, where add i t iona l  secondaries a r e  produced. 
mu l t ip l i ca t ion  process i s  repeated f o r  n stages,  a f t e r  which t h e  e l ec t rons  
a r e  co l lec ted  by t h e  coaxial  co l l ec to r  assembly.,: 
This 
The purpose of t h e  resonant cav i ty  i s  t o  provide t h e  requi red  
high e l e c t r i c  f i e l d  with t h e  lowest poss ib le  RF power input .  
The cavi ty  configuration i s  of t h e  re -en t ran t  type, capac i t i ve ly  
loaded a t  one end with a rectangular p l a t e  (pedes t a l ) .  
secondary emission surface ( ac t ive  su r face )  i s  loca ted  on t h e  end of t h e  w a l l  
opposite t h e  pedestal .  
The photocathode and 
The ac t ive  surface i s  i s o l a t e d  ( f o r  DC)  from t h e  body of t h e  
cav i ty  so t h a t  s m a l l  DC p o t e n t i a l s  can be r e a l i z e d  between t h e  a c t i v e  surface 
and t h e  pedestal .  
d i r e c t l y  measuring photo-emission and a l so  allows modification of e l ec t ron  
t r a j e c t o r i e s .  
Direct cur ren t  i s o l a t i o n  provides a simple method of 
It has been determined t h a t  f o r  high vacuum purposes it would 
be an improvement t o  re-design t h e  cav i ty  i n  a c y l i n d r i c a l  geometry, as shown 
i n  Figure 8, r a the r  than i n  a rec tangular  geometry. 
i s  smaller and eas i e r  t o  f ab r i ca t e ,  assemble, and a l i g n  and i t s  e l e c t r i c a l  
c h a r a c t e r i s t i c s  a r e  as good as o r  b e t t e r  than t h e  rectangular configuration. 
This c y l i n d r i c a l  geometry 
The RF power i s  introduced i n t o  t h e  cav i ty  by a simple capac i t ive  
probe, replacing t h e  inductive loop used i n  e a r l i e r  tubes.  Probe coupling 
i s  easier t o  fabr ica te ,  assemble and a l ign ,  and s t i l l  maintains exce l l en t  
e l e c t r i c a l  c h a r a c t e r i s t i c s .  
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Figure 7. Schematic Diagram of Dynamic Crossed-field Electron Multiplier. 
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Cylindrical Cavity Using Non-contacting Microwave Short Circuit. 
(New Technology Section) 
8 2.4 Program for Next Reporting Period 
0 
Development and improvement of t h e  DCFEM w i l l  continue i n  t h e  
next repor t ing  period through four  inves t iga t ions .  F i r s t ,  t h e  number of e lec-  
t r o n  mul t ip l i ca t ion  steps on t h e  ac t ive  secondary emission sur face  w i l l  be 
reduced. T h i s  w i l l  be done t o  reduce the  s e n s i t i v i t y  of t h e  tube t o  va r i a -  
t i o n s  i n  input power, a l so  reducing power input s t a b i l i t y  requirements. 
Second, t h e  spacing between t h e  pedestal  and t h e  secondary emission surface 
w i l l  be decreased t o  reduce the  microwave power input  requirement. 
a .010 i n .  Molybdenum mesh pedes ta l  w i l l  be constructed and evaluated. The 
mesh should f u r t h e r  reduce, o r  eliminate, i n s t a b i l i t y  of t h e  de tec tor  and a l s o  
w i l l  al low pedestal coverage of t h e  e n t i r e  cathode a rea  (s ince the  mesh has 
seventy-percent o p t i c a l  t ransmission) .  Fourth, t he  co l l ec to r  configurat ion 
w i l l  be redesigned t o  reduce mismatch. Such a reduction i n  mismatch would 
fur ther  reduce any degradation i n  frequency response. 
Third,  
2.5 Conclusions and Recommendations 
A reduction i n  spacing between the  pedes ta l  and secondary 
emission surface w a s  r ea l i zed  which reduces the microwave d r ive  power t o  
1.75 w a t t s .  A newly constructed DCFEM, w i t h  t h e  above reduced power requi re -  
ment, was  shipped t o  NASA, Goddard Space F l igh t  Center, complete w i t h  holder/  
electromagnet assembly and de ta i l ed  operat ing in s t ruc t ions .  
An evaluat ion of .OO5 mesh pedestals  w a s  completed w i t h  negative 
r e s u l t s ,  t h i cke r  mesh being indicated.  A photosurface inves t iga t ion  was  
i n i t i a t e d  on types S-17 and S-20, and replacement of the  electromagnet w i t h  
a permanent magnet w a s  started through discussions of  design parameters w i t h  
manufacturers. Construction w a s  a lso started on a new DCFEM. 
